The styloid process (SP) is a slender cylindrical bony projection of the temporal bone with two ligaments and three muscles attached to it. Symptomatic SP elongation is also referred to, as Eagle's Syndrome. The aim of the present study is to investigate the distribution of the SP length in a young adult Greek population. Moreover we provide a comparison of the results by using two different methods for assessing SP elongation, as described in the literature.
INTRODUCTION
The styloid process (SP) is a long osseous projection of the petrous part of the temporal bone projecting forward, downward and slightly medial. The functional unit, comprised by three muscles (styloglossus, stylohyoid and stylopharyngeus) and two ligaments (stylohyoid and stylomandibular) attached to it, is called styloid apparatus and is derived from the 2 nd branchial arch [11] . The symptomatic SP elongation is also referred to as Eagle's Syndrome [12, 13, 14, 15] and causes cervicofacial pain, tinnitus and otalgia. This definition can be found under the headings of heterotopic ossification and/or temporal bone abnormalities. Alternative synonyms are "elongated styloid process syndrome" [13, 19, 32] ,"styloid -stylohyoid syndrome" [25] , "carotid artery syndrome" [14] and stylalgia [27] .
The stylohyoid ligament seems to be mainly involved in Eagle's syndrome pathophysiology. The ligament may be partially represented by bone, most often at its proximal extremity, or in some instances may be completely ossified [61] . The topographic anatomy of the parapharyngeal space emphasizes the importance of SP length and angulation, since possible compression and impingement of surrounding structures may appear in cases of SP elongation and/or ligaments' ossification [9, 20, 51] . On the other hand, muscles and ligaments attached to the SP regulate the movements of the mandible, hyoid bone, tongue and pharynx [45] . Mineralization/ossification of the stylohyoidstylomandibular ligament complex is relative common 17 and may affect function of the masticatory organ [60] (Fig 1) .
Several of the symptoms attributed to an elongated SP are common clinical manifestations of the temporomandibular joint disorders (TMD) and because of this overlap, a potential of misdiagnosis always exists [65] . Palesy et al. [49] concluded that the clinical examination of patients with cervicofacial pain and mandibular dysfunction should include the SP investigation. Detailed knowledge of variations and possible effects on suprahyoid structures is important for an accurate diagnosis of TMD and orofacial pain [34] . Vague facial pain, especially upon swallowing, turning the head or opening the mouth, dysphagia, otalgia, headache and dizziness have been associated with elongated SPs or mineralized stylohyoid ligaments [8] . Siessere et al [59] after a comparison of functional electromyographic patterns in patients with Eagle's syndrome and healthy individuals reported muscular hyperactivity in the patients' group attributed to the SP interference. Krennmair and Piehslinger [34] suggested that bone growth apposition or ligaments' ossification due to SP traction caused by malocclusion may lead to a decrease in the hyoid bone mobility, affecting mandibular movement. Slavicek [60] considered Eagle's syndrome, as a cause for the reduced mandibular mobility.
There is no unique statement however on what seems to be the normal SP length and consequently on a proposed limit for elongation. Eagle [13] reported the typical SP length is 25 mm. According to Stafne [61] , the SP varies widely in length (5-50 mm), thickness, form and shape. Langlais [37] defined the typical SP length varying between 25-32mm
and Moffat [41] demonstrated values between 1.52 and 4.77 cm. Jung [29] and Monsour [42] proposed 45 and 40mm, as the limit for SP elongation.
In order to assess SP length, various imaging modalities, such as orthopantomograms (OPG), lateral cephalometric radiographs [2, 47] , anteroposterior skull radiographs, computed tomography (CT) scanning [27, 44] and anatomical methods utilizing measurements in dry skulls [10, 11, 18, 38, 39, 41, 45, 50] have been used. The advantage of metric studies in dry skulls is lack of distortion or superimpositions of structures. On the other hand, it is rather hard to find numerous intact SPs, since SP is a particularly fragile part of the cranium [10] .
Many radiological studies have used OPGs to evaluate SP length (Table 1) , the pattern of the stylohyoid chain or the percentage of elongated complexes-however defined- (Table 2) , due to availability, diagnostic performance, low cost, less radiation and the particularly high sensitivity of the method in detecting SP elongation [62, 63] . Three basic methods have been described regarding the assessment of the stylohyoid complex elongation in OPGs. In the first method, Ferrario et al [16] used the anterior nasal spine and the mastoid process, as reference landmarks. Those landmarks are connected with a line and if the complex exceeded the line,it is considered elongated. Therefore, SPs until 25 mm were normal in the OPG, if they projected above the line connecting the anterior nasal spine to the mastoid process. In the second method, Goldstein et al [24] used the height of the posterior border of the mandibular ramus to define SP elongation. If the SP exceeded the 1/3 of the height, it was considered elongated. Prasad et al [52] used this approach before deciding to perform surgical removal. The third method is not comparative. It is a metric approach utilizing anatomic landmarks corresponding to the beginning and end tip of the SP. Jung et al [29] specified the starting point of measurement, as the center of a circle encircling the cleft between SP and tympanic plate, while
Monsour et al [42] and Zaki et al [65] used the point of SP emersion from the temporal bone. The end tip of the SP or the ossified part of the ligament is obviously the other landmark.
The aim of the current study is to investigate the distribution of SP length in a young adult Greek population.
Moreover we provide a comparison of the results by using two different methods for assessing SP elongation, as described in the literature. Finally we explore the possibility of using OPGs, as a diagnostic aid by investigating interexaminer, intra-examiner and inter-examination variability and we propose a limit for SP elongation measurable in
OPGs.
MATERIALS AND METHODS
The sample comprised student pilots and engineers entering the (Fig. 3 ).In the few cases that the ball-always the cranial one-was not included in the image, the value was left blank. Both sides were combined to give 58 measurements in total and 6 blank. The test for the null hypothesis μ=25 was not rejected, so the distortion could be considered negligible.
For each OPG selected, the described standardized steps were followed to measure SP length: 1.Digital image opening 2.Instant magnification 3.Landmarks' location at the right side (starting point of measurement from a landmark caudal to cranial) and measurements' registration. 4. Landmarks' location at the left side and measurements' registration.
To assess SP length, two approaches were used [29, 45] . In the first approach [29] , the landmarks used were:
a) The center of a circle encircling the cleft between SP and tympanic plate and b) The end of the SP tip. In the second approach [45] the used landmarks were: a) The lowest-posterior point of the external auditory meatus (EAM) and b)
The end of the SP tip. For both methods (Fig. 4) , if the SP was nodular or radiopaque, then the end tip of the last caudal radiopaque part was defined as the end tip. All pictures, in which the SP was not present or its total length was not clearly depicted were marked as not traceable.
In the present study 805 OPGs were selected, obtained from 655 male (mean age 19.03 years) and 150 female patients (mean age 19.5 years).Each SP was assessed separately since SP elongation may be unilateral or bilateral. In 119 OPGs, SPs were characterized bilaterally as non-traceable. In the remaining 686 OPGs, at least one SP was traceable (Table 3) . For each identifiable SP four measurements were made: measurement according to Jung et al. method by the main researcher, repeated twice, measurement according to Jung et al. [29] method by the second examiner and measurement according to Natsis et al. [45] method by the main researcher.
During statistical analysis, an extra value (e) was created -by the combination of (a) and (b) values-the mean value for each SP by the two measurements of the main researcher. Measuring a structure twice or more and combining the measurements to provide a mean adds to the accuracy of the process and reduces the error between measurements [2] . Comparison between a-b describes the intra-examiner variability, between a-c, the inter-examiner variability and between e-d the relationship of the two methods of measuring.
The non-parametric tests Mann-Whitney U test was used to compare male and female values. KolmogorovSmirnov test was used to determine the normality of the distributions.The non-parametric Mann-Whitney U test was used in order to compare two independent samples, right and left. Non-parametric tests Mann-Whitney comparing male versus female samples were found to be significant, therefore the two samples were not combined. The extent of agreement among repeated measurements performed by an examiner is described by the intra-examiner variability and the extent of agreement between examiners is described by the inter-examiner variability. Low variability corresponds to high validity of the utilized examination. Inter-examiner and intra-examiner variability were tested by means of the nonparametric Test Wilcoxon and Sign test. The null hypothesis, that the two measurements were not different, was also retained at significance level 5%. Differences between measurements of the two examiners were also calculated.
Inter-OPG variability was a very interesting aspect of this study. Out of the 805 individuals, 138 had taken a second OPG within the time frame of the current study. These OPGs were also assessed, separately, creating a subsample of 138 images (109 males, 19 females), which could be compared with their corresponding previous ones to evaluate how reliable an OPG can determine SP length. The time frame could certainly not justify a differentation in length, hence the same structure was measured in two different OPGs. In such a case, the subsample could be unified regarding gender, since the point of interest was to directly check upon the accuracy of OPG depicting the same structure, which is definetely no gender related. Inter OPG variability was checked for both methods - 
RESULTS
For the SP length assessment from the temporal bone and the EAM, descriptive statistics are presented in Table 4 The length of 30 mm is most commonly used as a starting point for SP elongation. In the total sample, 30.6% of the measured SPs exceeded the length of 30mm (16.14% bilaterally and 14.53% unilaterally).In males, 33.12% of the SPs were elongated (18.16% bilaterally and 14.65% unilaterally), while in females the corresponding incidence was 20% (12.6% unilaterally and 7.3% bilaterally). 119 SPs (14.8%) were not traceable (Table 5) .
DISCUSSION
In the present study, a particular large sample of 805 OPGs was examined. In the literature sample sizes vary from small (50 patients in Kursoglu et al [36] study) to extremely wide (4200 in Gossman and Tarsitano [25] study)
depending on the applied methodology and mainly on the tested variables. In the current investigation, the study population represents a random sample from Greece for three reasons: a) candidates came from all over the country b) Prevalence of SP elongation and mean values were significantly higher in males revealing a gender specific dependency. The extremely higher ratio of males opposed to females, especially in the students' subgroup, can easily be attributed to the military nature of the academic school selected. However, the ratio is compensated in the group of duplicates, leading finally to a total of 150 females. In the study by Correl et al [8] , which was also carried in a VA center in the US, only 52 out of 1771 individuals were females and gender related comparisons were only descriptive.
Regarding the correlation between gender and SP elongation, some papers reveal a male predominance, like in our study [27, 43] , others describe a female predominance [7, 17, 30, 46, 52, 63] , while a third group supports a nonexisting correlation [1, 16, 32, 36, 42, 45, 47, 55, 58] .
As regards to the side asymmetry between left and right SP, no statistical significant differences existed for both genders. According to Stafne and Hollinshead [61] , usually there is symmetry in SP length between the two sides, but sometimes there may be noteworthy differences concerning the SP position, shape and size. SP in the present study was bilaterally traceable in 76.5% of the males and 62% of the females. From all cases of elongation, 54.8% were bilateral for males and 36.6% for females. The symmetrical nature of this anatomic feature has been supported by several authors [1, 40] . Regarding the unilateral and bilateral SP elongation, Ferrario et al [16] reported that the SP is often bilaterally elongated. Correl et al [8] reported an incidence of bilateral elongation of 16%, while the unilateral one was 2.25%. Zaki et al [65] reported that from 27 out of 100 cases with at least one SP elongation, 16
cases were bilateral and 11 unilateral. Ghosh and Dubey [21] mentioned that an incidence of 57.1% of surgically treated patients showed bilateral SP elongation. Bagga et al [3] and More and Asrani [43] reported a bilateral SP elongation in 79.5% and 68%. O Carrol [46] reported a bilateral calcification in 61% and a unilateral one in 17.53%.
Side asymmetry was reported by Natsis et al [45] with the right side exhibiting higher values of elongated SP.
Andrade et al [2] reported a slight tendency for the occurrence of elongation in the left side. Scaf et al [58] found unilateral elongation to be the rule, with the majority of the cases (76.5%) in the right side and only 9.5% being bilateral. Bilateral elongation is usually not involved with bilateral symptoms [33, 52] .
SP elongation is the main reason for clinical symptoms. An OPG still remains in the front line, to detect SP elongation if Eagle's syndrome is suspected [28, 58, 63] , as it has the advantage to discern distinctly the entire SP length and its angulation [21] . Andrade et al. [2] also refer to the sensitivity of OPGs due to head positioning. In the current study, three lines were used to orientate the head position in relation to the Frankfurt horizontal plane, the midline plane and the canine plane. Distortions, magnifications and overlapping must always be kept in mind. An attempt to calculate distortion in the present study was made to argue that measurements were as exact as possible.
The measured SP length may vary with the process angulation itself [1] and that is why the radiological index constructed to calculate the distortion was adjusted across the longitudinal axis of the examined skulls. Jung et al [29] used only two skulls to calibrate their measurements, while Monsour and Young [42] used three, all placed in position by three different radiographers. In the present study 16 skulls were used and irradiated twice ending up with 64 possible measurements. Distortion could be considered negligible since the constructed index was 25 mm and the mean of calibration measurements was 24.7 mm.
Several authors [16, 24, 40] utilized comparative approaches to estimate SP elongation, supporting that measuring in OPGs is inaccurate. However researchers utilizing a metric approach measure what is depicted as a SP, without claiming that the measurement is the exact actual length of the SP. The desired is the identification of an elongated SP in an OPG, thus considered in the differential diagnosis for the orofacial pain of the patient. OPG is a valuable adjunct in diagnostic procedure and clinicians should be able to recognize SP elongation.
A rather unique feature of the present study was the comparison of the same structure in different OPGs. In the literature only Omnell et al [47] compared cephalometric radiographs of the same individuals. That was actually a way to verify the preciseness of the OPGs, as a diagnostic aid in measuring SP elongation since in the current study the time frame was not wide enough to support differentiation in length of the same individual. In the present study, from the whole sample 138 individuals had been irradiated twice. The hypothesis of equality was tested by means of Wilcoxon Signed Rank test and was always retained -either for measurements from the temporal bone or the EAM.
The existed differences in the number of measurements in males and females between the two methods is attributed to the fact that sometimes the EAM was not clearly depicted in the field of the OPG, while the point of SP emersion from the temporal bone was clear or inversely. The difference in values is due to the part of the SP hidden by the vaginal process. The typical SP length reaches the value of 30 mm [20] . Eagle [13] considered the normal SP length to be 25 mm. According to Stafne and Hollinshead [61] , the SP widely varies in length (5-50 mm), thickness, form and shape. Moffat et al [41] regarded the normal range as being from 1.52 to 4.77 cm. Ianneti [28] considered normal values varying from 20-35 mm and Reddy et al [55] from 20-30 mm. The normal length varies considerably [23] and an attempt for grouping existing data is presented in Table 4 .
The use of different landmarks or even different methods for assessing SP length is the main reason for the diversities found in the literature regarding elongation (Table 5 ). Several authors use comparative approaches, while others proceed with measuring of the stylohyoid chain, either from the lower margin of the temporal bone or the EAM. In comparative approaches, other landmarks such as the mastoid process [16] , the posterior border of the mandibular ramus [24] or even the mandibular foramen [40] are used to form imaginary planes that represent limits for SP elongation. In the current study two methods were used to compare the results and the accuracy of each method and to end up with a possible correlation model between the used two methods that could be applied to transform findings of other studies and make results comparable. The selected methods by Jung et al [29] and Natsis et al [45] were those selected due to the detailed description of the measuring process.
Jung et al [29] suggested the use of the 90 th percentile, as the limit for SP elongation (length's distribution was not normal Andrade et al [2] , who also used a very similar measuring approach, reported mean values around 33 mm. Natsis et al. [45] measured the SP emersion (floor of EAM) until its tip, after drilling the entire part of the vaginal process and the outer part of the EAM. It is not easy to explain the differences between populations if methodological differences are excluded. Diet, habits, geographical parameters or even systematic conditions [3, 23] have been shown to interfere with the SP length, while the theory one adopts for elongation may also justify variability. Obviously, the lack of a clear formulated and verified hypothesis regarding SP elongation explains the difficulty in attributing differences between samples to specific reasons with certainty.
CONCLUSIONS
Within the limitations of the current study the following conclusions can be drawn:
-OPGs are a valuable and reliable aid in Eagle's syndrome diagnosis. Inter and intra-examiner agreement, as well as inter-examination reproducibility was high.
-Both EAM and point of SP emersion from the temporal bone can be used as anatomical landmarks in stylohyoid complex measurements. Difference corresponds to the hidden part by the vaginal process. The correlation coefficient between the two methods was very high for both genders.
-The study concluded to a gender specific dependency of length and SP elongation had significant higher values in males.
-SP elongation was not side related.
-Almost 31% of the examined OPGs revealed at least one elongated SP.
SP is normally both detectable and measurable in OPGs. Even if the measurement may lack the absolute preciseness, an elongated SP is usually clearly depicted and must be kept in mind. Since symptoms of elongation may overlap with symptoms of TMD and since OPGs are routinely used, dental professionals must be familiar with this clinical and radiological entity. 
